In the natural world, there exists one kind of structure which is beyond the scope of human laboratorial experiment. It is the structure of galaxies which is usually composed of billions of stars. Spiral galaxies are flat disk-shaped. There are two types of spiral galaxies. The spiral galaxies with some bar-shaped pattern are called barred spirals, and the ones without the pattern are called ordinary spirals. Longer-wavelength galaxy images (infrared, for example) show that ordinary spiral galaxies are basically an axi-symmetric disk that is called exponential disk. For a planar distribution of matter, Jin He defined Darwin curves in the plane as such that the ratio of the matter densities at both sides of the curve is constant along the curve. Therefore, the arms of ordinary spiral galaxies are Darwin curves. Now an important question is that: Are the arms of barred spiral galaxies the Darwin curves too? Fortunately, Jin He designed a piece of Galaxy Anatomy graphic software. With the software, not only can people simulate the stellar density distribution of barred spiral galaxies but also can draw the Darwin curves of the simulated galaxy structure. This paper shows partial evidence that the arms of galaxy NGC 3275, 4548 and 5921 follow Darwin curves. 
The mystery of galaxy arms
Spiral galaxies are thin, flat disks, composed of stars, dust and gas, but mainly of stars. Independent spiral galaxies belong to two types. A spiral galaxy with a bar is called a barred spiral (see Figure 1) , and a spiral galaxy without a bar is called an ordinary spiral. If a galaxy image is taken with longer wavelength radiation, such as infrared one, the light distribution is comparable to the stellar distribution of the galaxy. This can be described by a function of * E-mail: mathnob@yahoo.com and in the galaxy disk plane,
Because it represents the stellar density at the point ( ), the value of ρ( ) is always positive. Some people are not interested in a mathematical function. Instead, they may be interested in its graphic demonstration. Fortunately, a function in ( ) plane can be projected as a surface in 3-dimensional space. At the origin ( = 0 = 0) we set up a third axis ( −axis) which is perpendicular to the plane. The vertical distance from the surface to the plane is the value = ρ( ). If the value is positive, the corresponding point on the surface is above the xy plane, otherwise below the plane. For a spiral galaxy, the vertical distance from the projected surface to the plane is the stellar density. Since stellar density is always positive, the surface (graph) is above the xy plane. Because the stellar density at the galaxy center is the greatest, the corresponding distance is the longest, and the graph looks like a mountain with the peak corresponding to the galaxy center. From spiral galaxy images we see many spiral arms. The arms spiral outwards from the galaxy center or the galaxy bar. Therefore, galaxy arms can be projected as a highway that spirals down the mountain around the peak or around the ridge (in the case of galaxy bar). How the highways spiral down the mountain is of great scientific mystery. The French scientist Henri Poincaré once spoke of the mystery: "One fact that strikes everyone is the spiral shape of some nebulae; it is encountered much too often for us to believe that it is due to chance. It is easy to understand how incomplete any theory of cosmogony which ignores this fact must be. None of the theories accounts for it satisfactorily, and the explanation I myself once gave, in a kind of toy theory, is no better than the others. Consequently, we come up against a big question mark." Today the accepted theory applied to galaxies is Newton's universal gravity which in actuality is a theory of two bodies. When applied to three or more bodies, the theory gives chaotic distribution of matter. However, natural distribution of matter always displays regular patterns. Hence, Newton's theory cannot predict the natural structure of many bodies. The traditional study on galaxies (see the standard book Galactic Dynamics [1] ) employs a probability function called the distribution function whose integration over its whole domain, i. e., stellar position and velocity, is the total number of stars in the galaxy. The function must satisfy the law of mass conservation. Accordingly an equation called the collisionless Boltzmann equation, is derived. Integration of the equation over velocity space gives the Jeans equations which are used to study such local quantities as velocity dispersion, stability, etc. Integration of the equation over the whole domain, i. e., stellar position and velocity, gives the Virial equations which are used to study such global quantities as kinetic energy, inertial tensor, etc. The law of mass conservation alone cannot predict the natural spacial distribution of many bodies either. Therefore, the Boltzmann equation always involves a quantity called the gravitational potential Φ which is derived from or modeled to the observed galaxy stellar distribution based on Poisson's equation. This theory of galaxy dynamics has been used to predict kinematical phenomena. These predictions do not match galaxy observation generally. The first example was presented by Zwichy [2] . Another well known example is the problem of constant rotational curves. To maintain the status of Newton's theory, people devised the terminology of dark matter which, however, has never been observed directly. In the traditional study of galaxy arms, people usually ignore the dark matter and consider spiral arms to be density waves that propagate through the disk of stars and gas and form as dynamical response of the disk to some perturbations [3] [4] [5] [6] . The wave of perturbation must take the form
where ( φ) are the polar coordinates in the galaxy disk plane, and ( φ) is an unknown function. In the geometrical determination of galaxy arms, people usually define and measure the pitch angle which is defined as the angle between the tangents of the arms and circles around the center of the galaxy. Ordinary spiral galaxies do have a constant pitch angle throughout the disk. These are called logarithmic spirals, or golden spirals. However, in some literatures, people simply chose cos( ( φ)) = cos( + φ) where are constants. The resulting waves are not logarithmic. To achieve logarithmic arms, people have to choose
However, why the nature chooses such a perturbation is not explained by the traditional theory of density waves. People also proposed the theory of kinematic density waves which is solely based on the theory of Newtonian orbits of a star in some gravitational potentials. The orbits appear to be ellipses. Aligned ellipses are used to explain bar formation, and non-aligned ellipses are used to explain the spiral formation. However, it is still a problem why the nature delicately arranges the ellipses to form a pair of logarithmic spirals. Furthermore, the longterm stellar orbits are not observable in the same way the electrons' orbits in an atom can not be observed. In Jin He's idea of galaxy structure, the stellar distribution is constrained to being some rational structures [7, 8] .
That is, "constant ratios" are considered to be the structuring force of galaxies. The idea also allows for the perturbation to rational structure to grow arms. The perturbation still meets the principle of constant ratios: To achieve a minimum perturbation to the rational structure, galaxy arms try to be developed along the curves of constant ratios, that is, along the Darwin curves [7, 8] . This is proved true for the arms of ordinary spiral galaxies (see Section 2 and Figure 2 ). The other Sections are devoted to the study of barred galaxy arms.
Spirals down the mountain at a constant slope
As common people, we may build the highway with a constant slope. However, Jin He suggested in 2004 that the arms choose the way at constant ratio of mountain heights on either sides of the way (i.e., constant ratio of stellar densities). Nevertheless, Jin He's suggestion does connect to constant slope if we consider logarithmic mountain height (i.e., logarithmic stellar density)
This is because the ratio of stellar density is equivalent to the variance rate of its logarithmic density. If we project the logarithmic density as surface then the variance rate is equivalent to the slope of the surface. But the slope is not in the tangent direction to the highway. Instead the slope is in the perpendicular direction to the highway. In summary, if we project the logarithmic density distribution as a surface then Jin He suggests that galaxy arms go such a way on the surface that the slope in its perpendicular direction is constant along the way. Such ways are called Darwin curves [7, 8] . This means that, in terms of density distribution, a galaxy arm is a Darwin curve so that the variance rate of the logarithmic stellar density in the perpendicular direction to the curve is constant along the curve. Jin He has studied this idea since 2001 (see [9] [10] [11] ), and designed a piece of Galaxy Anatomy graphic software. With the software, people can simulate the stellar distribution of any barred galaxy, then find its Darwin curves. Comparing the curves with the real galaxy arms can testify Jin He's idea. It is straightforward to prove that Jin He's idea is true for all ordinary spiral galaxies. Astronomers found out that the stellar density distribution of ordinary spiral galaxies is basically an axi-symmetric disk described by the formula, ρ(
where 0 (> 0) and 1 (< 0) are constants. It is called the exponential disk. Its corresponding logarithmic stellar distribution is, ( ) = log ρ( ) = log 0 + 1 (6) This is a linear function of the radial coordinate . Its variance rate in radial direction is the constant 1 on the whole galaxy disk. If we project the function (6) as a surface then the variance rate is the slope of the mountain surface. Because function (6) is linear, the corresponding surface is a cone. Therefore, the above radial variance rate 1 is the maximum slope of the cone. That means the slope in the perpendicular direction to the horizontal circles on the cone is constant and maximum. However, if we go down a spiral curve on the cone, the slope in the perpendicular direction to the curve is less than the maximum. Now the question is: What is the spiral curve on the cone with a constant perpendicular slope? We know that a curve on the cone which crosses a horizontal circle with an angle θ must have a perpendicular slope 1 cos θ
If the curve crosses all horizontal circles with a constant angle θ then the product 1 cos θ is constant too. Therefore, the answer to the above question is that the spiral must cross all horizontal circles with a constant angle. We call such a spiral a golden spiral, or a logarithmic spiral. Its projection on the plane is also called a golden spiral. Astronomers found out that the spiral arms of ordinary spiral galaxies are all golden spirals. This proves that Jin He's idea is true for all ordinary spiral galaxies (see Figure 2) . Since 2005, Jin He has focused on the study of barred spiral galaxies. Astronomers have found out that the main structure of barred spiral galaxies also obeys the exponential law. Therefore, we subtract the fitted exponential disk from a barred spiral galaxy image. What is the result? Jin He discovered that the remaining structure resembles human breasts. Jin He calls it double-breast structure. Barred spiral galaxies, however, have more than a pair of breasts. The bar of barred spiral galaxies is composed of two or three pairs of breasts which are usually aligned. The addition of the two or three pairs of breasts to the major structure of exponential disk becomes a barshaped pattern which crosses at the galaxy center (see Figures 3, 4 and 5) . The images in these Figures are Hband galaxy images given by Ohio State University OS-UBGS team [12] . Certainly, away from the center of the simulated galaxy structure, the barred galaxy approaches the exponential disk and Darwin curves approach the logarithmic spirals. Near the galaxy center, however, the logarithmic stellar density is no longer a linear function of radial coordinate , and golden spirals are no longer their Darwin curves. What are the Darwin curves for barred spiral galaxies? Do the real arms of barred spiral galaxies follow Darwin curves? 
Darwin curves of barred spiral galaxies
Darwin Curves: If the variance rate in the perpendicular direction to a curve on a logarithmic stellar density distribution is constant along the curve then the curve is called a Darwin curve. If we project the logarithmic stellar density of barred spiral galaxies as a surface then the definition of Darwin curves is that the slope in the perpendicular direction to the curve on the surface is constant along the curve. To find Darwin curves, we are beforehand given a constant value of slope. We have a given point on the surface, and we calculate the maximum slope at the point. If the maximum slope is greater than the given slope then there exist two curves crossing the point (i.e., two directions) whose slope at the point are the given one. Note that the two curves are generally two spirals in clockwise and counterclockwise directions respectively. Therefore, we can use the integration methods of ordinary differential equations to solve our question, i.e., to find the Darwin curves crossing at the given point for barred spiral galaxies. Before we start to examine galaxy examples in the next Section, we make some important notes here. In our model, galaxies are considered to be a pattern of density distribution. Because a pattern is a distribution of differences and differences are equivalent to mathematical derivatives, all of our results are dependent only on the derivatives to the logarithmic stellar distribution, not on the absolute value of the distribution. In mathematical language, our results depend only on the derivatives to ( ), not on the constant ρ 0 where ρ( ) = ρ 0 exp( ( )). That is why we are not worried about the distances of galaxies from the Earth, nor are we worried about the stellar mass to light ratios. Our model is justifiable because astronomical observation shows that relatively independent galaxies, large or small, far or near, demonstrate similar patterns. Therefore, what we want is an array of numbers (a digital image) which is proportional to the galaxy light distribution.
Secondly, galaxies are considered to be natural structures, and natural structures are more complicated than their mathematical models. For example, galaxies present variant types of stars. Accordingly, different wavelengths of galaxy images display different patterns. Fortunately, longer wavelength galaxy images are good approximation to the pattern of galaxy mass distribution. That is why we choose H-band images in Figures 3, 4 , and 5. Our model of galaxy mass distribution is always based on longer wavelength galaxy images.
Darwin curves of galaxy NGC 3275, 4548 and 5921
Before we find the Darwin curves of a barred spiral galaxy, we simulate its stellar density distribution so that we have an analytic formula of the distribution that is ready for the calculation of its variance rate. Table 1 is the result of the simulation for galaxy NGC 3275, 4548 and 5921 with Galaxy Anatomy graphic software. The quantities 0 1 2 in the Table are the three parameters of the double-breasts structure which represent the size, the length, the sharpness of the structure respectively [7, 8] . However, barred spiral galaxies have generally more than a pair of breasts. The quantities 0 1 2 are the corresponding three parameters of the second double-breasts structure. Figures 6, 7 and 8 are shorter-wavelength galaxy images corresponding to the same three square areas on the sky as in Figures 3, 4 and 5. The areas make perspective angles at the observer on Earth. The second column in Table 1 is the angles in the unit of arc second. The angles for the galaxy images are 110, 152.5 and 185 arc seconds respectively, i.e., 110 , 152.5 and 185 respectively. It is impossible to measure the accurate size of a galaxy. Therefore, we assign an arbitrary value for the side length of the above square areas. We chose the value to be 100 as shown in the third column of the Table. The fourth column is the sky levels of the im- ages. Sky levels vary with different images which are the light coming from the local cities or other sources when people take the images with telescopes. That is, the sky level is approximately a uniformly distributed light which is not originated from the corresponding galaxy. We try to subtract the sky level from the image so that the remaining light distribution approaches the exponential disk which represents the galaxy structure away from its center. Our model is not much troubled by the localized pollution to galaxy images, e. g., a Milky Way star on the image, or signal noise. This is because we have a global analytic expression of the exponential disk and a global analytic expression of the double-breasts structure. The expressions with their parameters are used to simulate the global galaxy light distribution. In the Table are the simulated parameter values for the corresponding galaxy images with Galaxy Anatomy graphic software.
Armed with the analytic expression of galaxy structure, we can calculate Darwin curves as suggested in the above Section. The curves in Figures 6, 7 and 8 are the examples of Darwin curves. The result shows some evidence that the arms of galaxy NGC 3275, 4548 and 5921 follow Darwin curves. However, there are apparent deviation from the actual arms. Here is some possible explanation. Galaxy arms may be likened to the branches in a tree. A bigger branch is composed of smaller branches. What Figure 2 shows is that the smaller branches follow Darwin curves but the bigger ones may not. This argument is applicable to our analysis of barred galaxy arms. However, there is other possibility that our model, i. e., the analytic expression of galaxy structure may be an approximation to a better one.
Conclusion
Galaxy Anatomy graphic software employs the RungeKutta method to calculate Darwin curves of simulated galaxy structure. 
